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INTRODUCTION

When one is interested in the effects of an independent variable
on some behavior, rate of responding is most frequently used as the
dependent variable.

There are several reasons for this selection.

The presence or absence of a response is usually easier to observe
than other aspects of behavior such as force or duration.

Most re

searchers are typically interested in either increasing or decreasing
the frequency of some behavior.

Finally, through the use of response

rate, it is possible to more accurately predict the future probability
of a response.
Skinner (1969) states:

"Rate of responding is a basic dimension,

not simply because responses can be accurately counted, but because
rate is relevant to the central concern of a science of behavior" (p.
77).

However, research in the area of response variability has shown

that responses over an extended period of time may vary along a number
of dimensions while rate remains constant.

The fact that responses may

take on different topographies over time suggest the presence of more
subtle contingencies.

This phenomenon has led investigators to study

other characteristics of a particular operant as an attempt to obtain
a more precise dependent variable.

This line of research has examined

such variables as latency (Stebbins, 1962; Millenson, 1961), displace
ment (Herrick, 1961 & 1965), duration (Margulies, 1961), force (Notterman
& Block, 1965), and location (Antonitis, 1951; Whyte et al., 1974).
Antonitis (1951) was the first investigator to measure the vari
ability of an operant using response location as the dependent variable.

1
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Previous work by Muenzinger (1928) and observations noted by Skinner
(1938) indicated that the range of response forms emitted by guinea
pigs and rats was reduced with continued regular reinforcement (p. 77).
However, neither of these investigators indicated the relationship
which may exist between the degree of variability of a response and
the number of training trials.
question.

The Antonitis study dealt with this

He found, as have many subsequent experimenters (Millenson,

1961; Margulies, 1961; Eckerman & Lanson, 1969; Whyte et al., 1974)
that response variability decreases during regular reinforcement, but
increases dramatically during extinction.

Moreover, he found variability

during extinction to be quite similar to that observed prior to exper
imental manipulation.
From this research two central issues arose for further inquiry:
1.

What effect would intermittent reinforcement schedules have on

response variability; and 2.

What causes the increased variability

seen in extinction.
Research conducted during the early 60*s showed that all four
classical schedules - VI, FI, VR, FR - resulted in greater variability
than was seen in CRF.

This phenomenon was observed with many different

dimensions of a response as the dependent variables (Herrick, 1965;
Stebbins, 1962; Millenson, 1961; Schaffer, 1960).

Furthermore, as

the response or time requirement increased on each schedule variability
also increased.

It appeared as if these schedules functioned as S+

and S- periods in that responses followed by reinforcement showed little
variability, whereas responses not followed by reinforcement showed in
creased variability.

That is, the organisms responded as if they were
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being exposed to an extinction phase and then a reinforcement phase,
and so on, which seems especially appropriate with the leaner schedules
of reinforcement.
This phenomenon seemed to hold true with the exception of a study
conducted by Herrnstein (1961).
the work done by Antonitis.
the results were not.

He attempted to replicate (with pigeons)

Although the procedures were quite similar

Herrnstein found that regular reinforcement gen

erated more variability than intermittent schedules.

In 1969 Eckerman

and Lanson replicated Herrnstein's study and found results similar to
those of Antonitis, and they further noted that on a VI three-minute
schedule of reinforcement, variability remained high even after exten
sive exposure to the contingencies.
To date there appears to be some general agreement as to the effects
of different schedules on response variability during reinforcement
and during extinction after exposure to different schedules; the ques
tion as to why this increase in variability occurs is still unresolved.
Three major hypotheses have been suggested to account for this
phenomenon:
2.

1.

The Incidental - Directional - Reinforcement Theory;

The Response - Subcategories Theory; and 3.

The Frustration Hypo

thesis .
According to the Incidental - Directional - Reinforcement Theory
(Notterman & Block, 1965) all organisms are exposed continuously to
reinforcement contingencies in which responses previously reinforced,
are no longer.

Furthermore, in a situation where the organism presses

a lever and is not reinforced, if he presses harder he may be reinforced.
Thus, the organism may incidentally learn that an "increase in vigor

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

of a response following non-reinforcement tends to increase the pro
bability of reinforcement".

An increase in response force variability

would thus result from extinction and from intermittent reinforcement.
Accordingly, similar incidental reinforcement might also affect other'
response dimensions, such as duration or latency.
Schoenfeld proposed the Response Subcategories Theory which in
cluded a far more detailed account of the dimensions making up a re
sponse.

He viewed each response as having several subcategories.

For

example, if a rat makes several bar presses, the durations may vary
considerably in length, e.g., .00" to .05", .05" to 110", .10” to
.15", etc., so that many duration values may be observed in a distri
bution of responses.
Schoenfeld argued that each subcategory can be viewed as a separate
response being reinforced and that each subcategory reinforced during
conditioning must also undergo extinction, even though that subcategory
was not seen during later phases of acquisition.

He further stated

that "those response subcategories receiving most reinforcement during
a continuous reinforcement schedule would be observed as occurring most
frequently during extinction".

The least frequent duration found during

training would be the first to undergo extinction after the removal of
reinforcement.

In other words, the same rank order of response sub

categories seen in the training distribution curve would approximate
the rank order found in the extinction distribution curve.
Finally, Amsel (1958) proposed the Frustration Hypothesis, in
which three types of "goal events" are necessary for an adequate ac
count of operant behavior; reward events, punishment events, and

with permission of the copyright owner. Further reproduction prohibited without permission
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frustrative events.

The frustrative events refer to the removal or

delay of reinforcement in a situation where it had previously been
present, with the result being increased responding during the non
reinforcement period.

Furthermore, any stimulus present during this

frustrative event will acquire the capacity to produce the same effect
by respondent conditioning (as may well have taken place in the present
experiment - see Discussion) .
Frustrative effects of this sort have been used primarily to in
terpret various aspects of discrete trial learning situations.

However,

in a free operant situation, Terrace (1972) pointed out that the pigeon's
behavior in the presence of S- after discrimination learning with and
without errors, took on very different topographies depending upon the
procedure used.

Through extensive research, Terrace observed that

periods of reinforcement and extinction generated "emotional" behavior
by the pigeon during the extinction phase.
Another behavioral property emerging during the S- period was the
appearance of "antagonistic responding".

Terrace (1974) suggested the

emittance of "antagonistic responding" as a means to alleviate "the
aversive and frustrative effects of non-reinforcement as the organism
would be engaging in behavior specifically incompatible with the re
sponse that results in frustration".

Although he found these results

to be temporary, he did view these characteristics as generated by
"non-reinforced responding temporarily energizing behavior".
Similar conclusions are cited by Azrin, Hutchinson, and Hake (1966)
and Rilling (1975).

These data are all compatible with the concept of

an increase in "activity level" after periods of non-reinforced responding.
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The frustration-aggression hypothesis has been further investi
gated by Rilling (1975).

Although Rilling found different schedules

induced different rates of attack (aggression) as a function of the
schedule used for errorless discrimination learning, the results were
still consistent with the hypothesis, i.e., "non-reinforced responses
during S- produced frustration, which elicited various emotional re
sponses including aggression".
Underlying all three proposed hypotheses is a variable not yet
examined.

Rilling (1973) in his research on errorless discrimination

learning alluded to the concept when he suggested:

"With drawal of

any stimulus correlated with reinforcement serves as a primary de
terminant of the amount of aggression induced during extinction".
However, no study has been designed to exclusively examine the effects
of the stimulus change that occurs when secondary reinforcement is
withdrawn.
The purpose of this experiment was to invesitgate a fourth hypo
thesis, namely, the role of stimulus change in producing variability.
£
If we view behavior within an S-R-S

Paradigm then each response pro

duces some subsequent change in the environment.

This stimulus change

then may act as a discriminative stimulus for further required respond
ing.

If at any point a link of the chain (a stimulus condition) is re

moved, the organism's responding is interrupted.

That is to say, re

sponse durations and the variability of these durations may increase
in extinction and in some schedules of reinforcement, due to an absence
of cues associated with the presentation of food, e.g., dipper click.
During regular reinforcement these stimuli develop as discriminative
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stimuli for lever release and dipper approach.

During extinction

these stimuli are no longer presented, thus the subjects may continue
to hold down on the lever until the appropriate stimuli are presented
to cue lever release.

When this behavior pattern occurs, both response

variability and mean durations increase.

Furthermore, if a chain con

sisting of two responses is required for conditioned reinforcement as
well as primary reinforcement then the interruption of responding should
occur at different links of the chain depending upon what stimuli are
withdrawn.
This study was designed to examine the role stimulus change plays
in facilitating response variability.

Two groups were used so as to

break the response chain at two different links.

In this way data com

parisons could be made between subjects as well as between groups.

In

addition, a multiple schedule was employed to allow for within subject
and within session comparisons.
The four major dependent variables studied were:

the number of

inappropriate responses; durations of successful responses; durations
of unsuccessful responses; and response latencies.
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METHOD

Subjects

Ten male albino rats of Sprague-Dawley strain served as subjects.
They were approximately 60 days old upon arrival at the laboratory and
had no previous experimental history.
within approximately 30 days.

Each animal reached stable weight

The weight of each animal ranged from

350 to 400 grams prior to going on water deprivation.

Water was ini

tially removed from the home cage for 24 hours and then daily water
was available to provide a sufficient amount of liquid to maintain
85% of their pre-deprivation body weight throughout the experiment.
Once the 85% ad lib weight was maintained for five days, the animals
were habituated to the experimental chambers and operant levels were
collected.

Each animal was housed individually with food available

at all times except during experimental sessions.

During the exper1

imental sessions, milk was used as reinforcement.

Apparatus

Five Skinner boxes, 12.5 cm deep, 20 cm wide, and 16 cm high,
served as the experimental chambers.
tubular grids, 1.25 cm in diameter.

The floor consisted of four
Each chamber was housed in light-

and sound-proof enclosures containing a house light and a circulatory

The deprivation procedure used for this study is not the most
commonly used procedure, but has been found to be quite satisfactory
in this laboratory. The most obvious advantage is that it avoids the
problems of food pellet storage and usage.

8
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fan,

In addition, all chambers contained a speaker, which was

connected to a white noise generator, Grason-Statdler Model 901B.
Two manipulanda, a liquid reinforcement magazine, a red stimulus light,
and an auditory stimulus source were used.

Located on the side panel

was the food lever, which protruded 1.9 cm into the chamber, and was
positioned 2.5 cm from the back wall and 5 cm above the grid floor.
Three inches to the right of the lever and 1.25 cm was a circular liquid
magazine, into which the dipper arm could protrude.

When the dipper

was not in this "up" position, it rested in a dipper tray which was
filled with milk.

The red light and auditory stimulus source (Sonalert,

Model SC628) were located on the back wall.

Located on the opposite

side panel was the seond manipulandum, the tone lever.

An omni

directional tubular lever protruded from the panel by 2.5 cm and was
3.3 cm in diameter.

It was situated 5 cm from the grid floor and 3.74

cm from the front panel.

A response on either lever required a force

of approximately .2D Newtons to activate the microswitch, which was
held constant throughout the experiment.
Stimulus presentation and response monitoring were controlled
through a State Systems, Inc. interface by a PDP 8/e mini-computer
from Digital Equipment Corporation.

The same data collection strategies,

outlined by Hamilton (1974), were used to collect response latencies
response durations, and rates.

The program that controlled all experi

mental processes in the five chambers simultaneously was based on a
state notation system, the SKED Software System (Snapper, Knapp &
Kushner, 1970; Snapper & Kadden, 19

; Snapper & Lee, 1975).
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Procedure

Initially, the rats were trained to drink from the dipper.

They

were then exposed to an individual chaining procedure for five weeks
to generated the chain of responses necessary to set up reinforcement.
This procedure consisted of shaping the animal to make the last
response (food-lever) of the chain first, using milk as reinforcement.
Once established, a tone was turned on and the tone-lever was connected
to the chamber.
had no effect.

While the tone was on, a response on the food-lever
However, a response on the tone-lever would turn the

tone off and set the occasion for a successful (reinforced) response
on the food-lever.

Although no shaping procedure was used for this

portion of training, within eight days all animals learned to emit the
chain of responses necessary to obtain reinforcement.

Once responding

was considered stable, subjects were randomly assigned to two groups
and then one month of additional baseline data were collected.

At

this point, Procedure II was introduced.
The following contingencies were imposed on Group I for Component
I of the multiple schedule.

A session was begun by the illumination

of the houselight and the activation of a tone.
tone-lever discontinued the tone.
lever caused the dipper to move up.
milk, the dipper swung down.

A response on the

A subsequent response on the foodAfter three seconds access to

A response on the food-lever, prior to

a response on the tone-lever, had no scheduled consequence, but was
counted separately from all other appropriate responses on the foodlever .
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After ten occurrences of the dipper moving to the "up" position,
Component II of the multiple schedule was initiated.

A red light served

as the stimulus associated with the second component and signified a
change in procedure.
the tone.

A response on the tone-lever always discontinued

A subsequent response on the food-lever and a probability

of .80 activated reinforcement.

In this component the tone off-set was

correlated with the delivery of reinforcement 80% of the time.

When

reinforcement was not delivered after a response on the food-lever, the
animal was required to make the additional responses on that lever neces
sary to set up reinforcement.
Figure 1 represents the state diagram for Procedure III for both
groups where the probability of reinforcement was set at .50.

This

visual representation includes all of the stimulus conditions (circles
referred to as states) associated with the multiple schedule and the
response or time requirements (arrows referred to as vectors) neces
sary to initiate stimulus change.

The Key provided at the right side

of the figure indicates the stimulus conditions associated with each
of the different states.
Table I shows in summary format, the values of the independent var
iable associated with each condition and the number of sessions each
subject was exposed to these values.
The left section of the table indicates the values of the inde
pendent variable used for each of the five conditions.
Procedures I, II, III and IV had identical initial components CHAIN-CRF.

However, the second component for each procedure system

atically decreased the probability of reinforcement associated with one

Reproduced with permission o f the copyright owner. Further reproduction prohibited without permission.
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Figure 1:

The procedure for Condition III presented for both groups
in state diagram format.
The top of the figure represents
the procedure for Group I and the bottom of the figure
represents the procedure for Group II.
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Table I

In summary format, the values of the independent variable
associated with each condition are shown and the number of
sessions each subject was exposed to these values.
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TABLE I

Procedure

Component
Schedule 1

Number of Sessions for Each Subject
Group I (Subject #'s)
Group II (Subject #'s)

Component
Schedule 2

10

10
Chain-CRF

Chain-CRF

II

Chain-CRF

Chain-RR 1.25

28

III

Chain-CRF

Chain-RR 2

13

IV

Chain-CRF

Chain-RR 5

Chain-CRF

Chain-(P= 0)
(Extinction)

103

103

103

26

28

28

98

98

(Training)

19

13

20

12

20

13

15

23

20

19

26

26

25

28

13

13

13

20

20

16

of the two levers depending upon the group.

P = .80 (RR 1.25);

P = .50 (RR 2); P = .20 (RR 5); and P = .00 (Extinction).
For Group II, the initial components for each procedure were
identical to the initial components for Group I, CHAIN-CRF.

The

second component for each procedure was run similar to the second
component for Group I, with the probabilities of reinforcement de
creasing at equal rates.

However, with Group II, a response on the

tone-lever had a decreasing probability of discontinuing the tone, in
contrast with Group I, where the decreasing probability occurred on
the food-lever.
In Figure 1, under Group II, the contingencies in effect for
Procedure III are shown.

A response on the tone-lever that discontinued

the tone was always follwoed by reinforcement after a response on the
food-lever.

If the tone remained on after a response on the tone-lever,

reinforcement was not presented after a response on the food-lever.
When reinforcement was withheld the animal was required to return
to the tone-lever and continue to make responses on that lever until
the tone was deactivated.

Thus, the tone offset was correlated 100%

of the time with the delivery of milk at the end of the chain.
Alternation between the two components for both groups took place
after ten, three-second exposures to milk.

Each daily session consisted

of two exposures of each component with a total of 40 reinforcements
delivered in one session.
This alternation procedure was used for Procedures I, II, III
and IV with a slight modification for Procedure IV.

Since Procedure

IV - Component II consisted of an Extinction Phase (CHAIN-CRF; P = .00

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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EXTINCTION), an independent timer was used to provide alternation
from Component II to Component I.

The timing device was set at ten

minutes.
Every other session started with Component II of the schedule
so that the last ten reinforcements obtained in each session alterna
ted between the two components.

This procedure was implemented to

control for any possible satiation effects the organism may exhibit
as he reached the mavinnnn number of reinforcements for that session.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

RESULTS

The purpose of this study was to determine whether or not re
sponse durations would show an increase in variability when the stim
ulus conditions associated with reinforcement had a decreasing proba
bility of occurrence.

To examine more fully the effects of such a

procedure two control techniques were employed.

1.

Two groups of

subjects were used to provide for between subject comparisons of the
data.

(The procedure for Group II was altered in such a way as to

study the effects of the independent variable at a different point in
the chain.)

2.

A multiple (CHAIN-CRF; CHAIN-RANDOM RATIO 1.00 to 0.00)

schedule was used to provide for intra-subject comparisons of the data.

The Number of Inappropriate Responses

Group Jl.

Figure 2 shows the number of inappropriate responses

for each subject in Group I.

The left panels on each graph show the

mean number of responses on the tone-lever after the initial response
on that lever which discontinued the tone.

The right panels show the

number of responses on the food-lever after milk had been delivered and
prior to the first response of the chain - a response on the tone-lever.
The data are averaged over the last five days of each condition for both
components of the multiple schedule.
Subjects 7, 9, and 10.showed little additional responding on the
tone-lever, whereas, the data on the right section of the graph for
these same subjects provided little information.

In addition, for

18
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Figure 2:

The left panel of each graph shows the average (mean) number
of responses on the tone-lever for Group I after the initial
response on that lever that discontinued the tone. The right
panel of each graph represents the number of responses on
the food-lever after reinforcement and prior to a response on
the tone-lever. The data are averaged over the last five
days of each condition for both components of the multiple
schedule. The abscissa is labeled according to the experi
mental condition in effect, corresponding to the data points
presented.
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Subjects 7 and 10, responding on the tone-1ever in Component II (where
the correlation between tone offset and milk was systematically decreas
ing) had patterns similar to those found in Component I on the tone-lever.
This suggests that the discriminative properties of the tone offset
were not attenuated by the decreasing correlation of tone offset and
presentation of milk.
Subjects 6 and 8 had less consistent patterns.
little discrimination between the two components.

Subject 6 showed
Subject 8 showed

some discrimination between components, but both subjects increased
in inappropriate responses as a function of changes in the values of the
independent variable.
The number of inappropriate responses on the food-lever was slight.
Except for Subject 9, all subjects revealed a gradual increase of
inappropriate responses in both components as the number of responses
required for food increased.

Group II.
for Group II.

Figure 3 shows the number of inappropriate responses
The increase in the number of inappropriate responses

on the tone-lever shows a trend different than in Figure 2, in that the
disruption in responding seems to be occurring at a different point in
the chain.
In analyzing these data consider the role of tone offset.

Re

call from the procedure section Group I’s initial response to the
tone-lever discontinued the tone and served as a discriminative stim
ulus for the subject to move to the food-lever, where on a certain pro
bability food would be presented.

The tone offset was not correlated
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Figure 3:

The left panel of each graph shows the average (mean) number
of responses on the tone-lever for Group II after a response
on that lever that discontinued the tone. The right panel
of each graph shows the average (mean) number of responses on
the food-lever for Group II after reinforcement and prior to
the first response on the tone-lever. The data points re
present the average over the last five days of each condition
for both components of the multiple schedule. The abscissa
is labeled according to the experimental condition in effect,
corresponding to the data points presented.
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100% of the time with food delivery.

In contrast, Group II subjects

had the tone offset correlated with food 100% of the time, but with
decreasing probability of a response discontinuing the tone.

There

fore, the left panel of Figure 3 shows increased responding on the tonelever after the tone was disconnected.

This suggests tone offset grad

ually lost its effectiveness as a discriminative stimulus for all
subjects.
The right panel of each graph shows the mean number of inappropri
ate responses on the food-lever.

Here the number of inappropriate

responses are quite low and are fairly consistent for all subjects
across both components.

Variability of Response Durations

Group _I.

Figure 4 shows the median duration (data points) and

the median variability (vertical lines) of the durations collected
over the last five days of each condition.

The actual number of re

sponses making up these data differ between components and between
groups.

Since Group I's procedure had the first response on the tone-

lever discontinue the tone, all duration data on this lever were col
lected together.

In other words, these data include responses on the

tone-lever that were out of sequence with the required chain of responses
as well as the successful lever presses that discontinued the tone.
The actual number of responses on the tone-lever out of sequence were
negligible as the number of responses making up the data for Figure 4 left panels, varied from 20 up to approximately 35.
The data presented in the right panels are the median duration and
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Figure 4:

The left panel of each graph shows the variability of dura
tions of all responses made on the tone-lever for Group I.
The right panel of each graph shows the variability of dur
ations of all successful responses (responses that activated
the dipper) made on the food-lever. The data points show
the median duration of responses and the vertical lines
represent the median variability of the duration for the
tone-lever and food-lever, respectively. These data points
represent the average over the last five days of each condi
tion for both components of the multiple schedule. The
abscissa is labeled according to the experimental condition
in effect, corresponding to the data points presented.
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the median variability of durations for all successful responses on the
food-lever.

Contrasted with the data on the left, these data points

represent only 20 responses per session for both components (20 food
deliveries were presented per component).

When the probability of

reinforcement was decreased (when the random ratio was increased in
Component II) only the successful responses are included in Figure 4.
All unsuccessful response durations and variability are shown in
Figure 6.
Therefore, Figure 4 shows for Group I the variability of durations
of all responses made on the tone-lever and all successful responses on
the food-lever.

The degree of variability as well as the median dura

tion for all subjects remained fairly constant over all five conditions
with the possible exception of Subject 9 who showed a gradual increase
during Component II.
The right panels, the data for successful responses on the foodlever, show that there was a marked increase in median durations as
well as the degree of variability for four of the five subjects.

As

the probability of food presentation decreases as a function of tone
offset, or as the random ratio requirement increases on the food-lever,
the range of variability and the median duration increases.

Group II.

Similarly, Figure 5 shows the same data for Group II

with one exception; the data collection strategy was reversed.

The left

panels of Figure 5 show only successful responses on the tone-lever,
(Figure 7 represents all unsuccessful responses on the tone-lever), where
as, the right panels represent all response durations and variability
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Figure 5:

The left panel of each graph shows the variability of dur
ations of all successful responses (responses that discon
tinued the tone) on the tone-lever for Group II. The right
panel of each graph shows the variability of durations of
all responses made on the food-lever for Group II. The data
points represent the median duration of responses and the
vertical lines represent the median variability of the dur
ation for the tone-lever and food-lever, respectively. These
data points represent the average over the last five days
of each condition for both components of the multiple schedule.
The abscissa is labeled according to the experimental condition
in effect, corresponding to the data points presented.
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of these durations made on the food-lever.
Subject 8 and possible Subject 10 appear to be the only animals
showing an increase in response durations and variability on the tonelever in the second component.

Subject 6 (with the exception of

Condition 4) and Subject 7 show no difference between components.
The panels to the right show little increase in median durations or
variability for responses on the food-lever for any subject over
the five conditions.

Furthermore, there appears to be no difference

between the two components.

The Variability of Unsuccessful Response Durations

Group _I.

Presented in Figure 6 are the median durations and the

degree of variability of the durations of all unreinforced responses on
the food-lever for Group I. Each subject showed a marked increase in
the median duration of responses.

Furthermore, the data show a drama

tic increase in variability as a function of the decreasing probability
of reinforcement for the first response on the food-lever that activa
ted the dipper.

Note that the ordinate axis of the graph begins at .10

seconds and has increments of .10 seconds up to one second at which
point the increments are in seconds.

This arrangement allows for all

data to be represented.

Group II.

Displayed in Figure 7 are the median duration and the

degree of duration variability of all unreinforced responses on the tonelever for Group II.

Although the results are less dramatic than for

Group I, there is a systematic increase in durations as a function of
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Figure 6:

The median duration and the degree of variability (median)
of these durations for all unreinforced lever presses on
the food-lever for Group I. The data points represent the
average over the last five days of each condition for Com
ponent II of the multiple schedule. The ordinate, in order
to have all data represented, goes in tenths of a second
intervals, from .10" to 1" and then in one second intervals,
goes from 1 second to 10 seconds. The abscissa is labeled
according to the experimental condition in effect, correspond
ing to the data points presented.
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Figure 7:

The median duration and the degree of variability (median)
of these durations for all unreinforced lever presses on the
tone-lever for Group II. The data points represent the aver
age over the last five days of each condition for Component
II of the multiple schedule. The ordinate, in order to
have all data represented, goes in tenths of a second inter
vals from .10" to 1" and then in one second intervals, goes
from 1 second to 10 seconds. The abscissa is labeled accord
ing to the experimental condition in effect, corresponding
to the data points presented.
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decreasing the probability of tone discontinuation following the first
response on the lever.

Subject 10 is the only animal that shows no

increase in duration or variability.

Response Latencies

Group _I.

•

The left panel in each graph of Figure 8 shows the la

tency of responding on the food-lever after a successful response on the
tone-lever for Group I.

For each subject a clear distinction is

made between the two components.

In Component II, all subjects show a

marked increase in latency as a function of the decreasing probabilities,
whereas, in Component I, the latencies remain fairly constant across con
ditions.

These results strongly suggest the formation of a discrimina

tion between components for all subjects.
The results represented on the right panels of each graph are not
as clear.

The data on latencies for responses on the tone-lever after

food presentation show similar trends for both components.

It can be

noted that the data are almost identical across components for the
individual subjects.

The data seem to imply no formation of stimulus

control or a strong generalization effect.

Either the stimulus associa

ted with the components (red vs. white stimulus light) had no control
over responding, or the stimuli affecting behavior in Component II were
present in Component I - emotionality was evoked by the presence of the
food-lever.

Group II.

Figure 9 presents the same data for Group II.

Subjects

6, 7, and 10 show no alternation in response latencies on the food-lever
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Figure 8:

The left panel of each graph shows the latency of responding
on the food-lever after a response on the tone-lever for
Group I. The right panel of each graph represents the latency
of responding on the tone-lever after reinforcement. The
data points represent the average (median) over the last five
days of each condition, for both components of the multiple
schedule. The abscissa is labeled according to the experi
mental condition in effect, corresponding to the data points
presented.
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Figure 9:

The left panel of each graph shows the latency of responding
on the food-lever after a successful response on the tonelever (a response on the tone-lever that discontinued the
tone) for Group II. The right panel of each graph represents
the latency of responding on the tone-lever after reinforcement
for Group II. The data represent the average (median) over
the last five days of each condition, for both components of
the multiple schedule. The abscissa is labeled according to
the experimental condition in effect, corresponding to the
data points presented.
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after a successful response on the tone-lever between components.
However, the data for Subject 6 shows a similar trend in both compo
nents.

This may suggest a gradual loss of stimulus control as a function

of the different conditions.
The right panel, latency of responding on the tone-lever after
reinforcement, shows identical response patterns for both components
for all subjects in Group II.
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DISCUSSION

The results of this study suggest that the removal of stimuli
associated with unconditioned reinforcement increases response varia
bility.

Group I showed a dramatic increase in the variability of un

reinforced response durations on the food-lever as a function of the
decreasing probability of reinforcement.

Although the data for

Group II is not as convincing, unreinforced response durations on the
tone-lever do show a moderate increase across conditions.
Furthermore, the study supports the view that the stimuli (tone
offset and dipper click) following a particular response (lever press),
developed as discriminative stimuli for lever release.

When these cues

were not forthcoming the subjects held the lever for longer and longer
periods of time.

However, this interpretaticu would further suggest

that little increased variability would be observed on either lever if
reinforcement followed a lever press.
do not concur with this analysis.

The results of the present study

Although no increase in response var

iability was observed on the lever that always generated a stimulus change
(the tone-lever for Group I and the food-lever for Group II) increased
variability was observed for reinforced responses on the lever that had
a decreasing probability of reinforcement.

An analysis of the contin

gencies may shed some light on this finding.
Consider the response that gradually lost its effectiveness in
generating the conditioned or unconditioned reinforcement (the point at
which the chain was interrupted).

The lever associated with this de

creasing probability of reinforcement possibly took on aversive properties.

41
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Each time a response occurred on this lever, with no reinforcement
following, emotional behavior was elicited, e.g., biting the bar.

When

reinforcement finally followed a lever press, the emotional effects of
the previously unreinforced responses were still present and may have
been incompatible with the response of lever release.
would generate an increase in duration variability.

This situation
Why it occurred

with Group I subjects and not with Group II subjects cannot be easily
answered with the present data.

The differences between manipulanda

are probably relevant, but will be discussed later.
If the present analysis of the increase in duration variability
in terms of stimulus change is correct, the next question might be
how does this analysis bear on the latency data?

Would the animals

show longer and longer latencies as the probability of reinforcement
decreased?
Latency data consisted of:

1) the time it took the subject to

make the first response of the chain, the response on the tone-lever
(tone-lever latencies) after the tone was activated; and, 2) the time
it took the subject to make the first response on the food-lever once
the tone was deactivated (food-lever latencies).

For Group I the tone-

lever latencies increased in both components, whereas, food-lever
latencies increased only in Component II.

As the probability of rein

forcement decreases on the food-lever (in Component II), then the
tone offset, a discriminative stimulus, begines to lose its control
over a response for which it sets the occasion.

Miller and Egger (1962)

stated, "it is not sufficient for a stimulus to be paired with a rein
forcer to become a conditioned reinforcer - it is necessary for the
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stimulus actually to be a reliable predictor of reinforcement".

It

would not be surprising that there was an increase in tone-lever la
tencies in Component II, since the tone offset no longer reliably
predicted reinforcement.

The same increase in latencies occurred dur

ing Component I, however, would not be predicted by this type of ana
lysis.

One possibility is that the stimuli associated with each com

ponent did not develop good discriminative control.

There is some

evidence, however, for some stimulus control by the component stimuli,
the different colored lights.

The duration data showed a clear dis

tinction between Components I and II on the food-lever.

Moreover, a

marked difference is seen between components regarding food-lever la
tencies.

The increased tone-lever latencies in Component I, at this

point, must be left uninterpreted.
Group II data on latencies is somewhat similar to that of Group I.
In both components there was an increase in tone-lever latencies.

These

results again suggest poor stimulus control with respect to the stimuli
correlated with the two components of the multiple schedule.
Food-lever latencies for Group II showed no systematic trends.
Two subjects showed an increase in both components, whereas, the other
two subjects showed a slight decrease in both components.
The last measure of the effect that stimulus change has on respond
ing is the number of inappropriate responses.

In general, the tone

offset in Component I was acting as an effective discriminative stimulus
for Group I, in that there were few repetitive responses on that lever.
Data for Component II suggest that as the reliability of tone offset
as the predictor of the ultimate delivery of food decreases, the less
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the control exerted by this stimulus change on the subsequent response
on the food-lever.

Three of the five subjects showed marked increases

in the number of repetitive responses on the tone-lever after tone off
set for Component II.
The number of

inappropriate responses

a gradual increase

in both components as a

on

the food-lever showed

function of the decreasing

probability of reinforcement associated with Component II for Group I.
A g a i n , these results also suggest the loss of stimulus control by tone

offset.

Why an increase in inappropriate responses occurred on the food-

lever in Component

I is difficult to answer. It is conceivable that

generalization was

taking place.

Possibly

as

some

the food-lever took on

more aversive properties (as the probability of reinforcement decreased
in Component II) the effects appeared also in Component I.

The food-

lever was the same in both components and it signified, at least in
Component II, fewer and fewer food presentations.
Responding on the tone-lever after the tone was discontinued re
mained fairly constant with all subjects in Group II.

Furthermore,

little increased responding occurred in either component on the foodlever.
The only comment that needs to be made with respect to these data
is that in general, across both groups, across all conditions, rela
tively little inappropriate responding took place.

Considering that

the subjects are required to make 40 lever presses per component (20
on the food-lever and 20 on the tone-lever) per session, then 20 inappro
priate responses on the food-lever in Component I, for example, is only
one additional response per chain.

This type of responding can happen
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quite easily especially on the omni-directional lever (tone-lever).
The average number of inappropriate responses that actually occurred
with each subject was approximately five.

It would seem that too few

inappropriate responses of this nature occurred to justify extensive
analysis.
Several methodological and apparatus problems require further
discussion.

First, the difference between manipulanda (tone-lever

vs. food-lever) must be considered.
be activated in a number of ways:
down, or in.

The omni-directional lever could
movement to the left, right, up,

The food-lever was activated only by depression.

The

force of both levers was held relatively constant although there was
some variation across sessions.

It is possible that response durations

on each lever were affected by the response characteristics of the
other lever.
Second, the procedure was designed so that a press rather than
release of the lever activated the change in stimulus conditions.

This

would prevent duration changes when stimulus conditions were altered
by the press of the lever.

When a press did not activate any changes

in stimulus conditions, it is reasonable to assume the subjects would
continually hold the lever down rather than release and press again.
Studies (Margulies, 1960; Notterman & Block, 1965) examining the causes
of variability have typically used lever release as the response to
alter stimulus conditions.

A study where one would examine the effects

of lever press vs. lever release on response variability would be of more
than moderate interest to many.
Third, the stimuli associated with each component of the multiple
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schedule were different colored lights.

Because of the uniqueness of

the chambers, the study was confined to the use of lights as component
stimuli.

Although rats are color blind, it was assumed that the light

intensities (house light vs. red stimulus light) would be sufficient
for stimulus control.

The results of this study suggest this might

not have been the case.
Finally, the data for reinforced and unreinforced responses, on
the lever where the chain had been disrupted, were separated.
had not been done in other studies on variability.

This

Furthermore, the

bin sizes used for data collection, .05" intervals, are smaller than
what has been used previously.

This procedure for data collection is

obviously more sensitive to variability than previous studies.

Again,

a follow-up study comparing the effects of this procedure vs. other
procedures typically used would help shed light on the present exper
iment .
The problems mentioned above certainly give direction for future
research.

One important follow-up study would be to control for the

effects of the different levers used.

The levers associated with the

first and second position of the chain could be reversed for one of
the groups.

In this way it could be determined whether or not the

variability of response durations was a function of the position in
the chain.
Another study could be conducted with different discriminative
stimuli; possibly lights with one group and different tones for a
second group.

Finally, an experiment could be run on the effects of

lever press vs. lever release as the response that generates a stimulus
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change.
The final question that must be asked is how does the present
study bear on the hypotheses mentioned earlier:

the Response-Subcategories

Theory; the Incidental - Directional - Reinforcement Theory; and
the Frustration Hypothesis?
Although the present study did not attempt to provide information
on the Response-Subcategories Theory, research conducted by Notterman
and Block (1965) showed that the acquisition response patterns and
extinction response patterns were only moderately related.

That is to

say, the subjects' response patterns during extinction only minimally
resembled that of acquisition.

Similar research has suggested the same

interpretation.
The Incidental - Directional - Reinforcement Theory proposed by
Notterman and Block (1965) would have predicted that response variabil
ity would occur only on the lever where reinforcement was no longer
forthcoming.

The results of the present study however showed increased

variability on levers that were not temporally related to the withholding
of reinforcement.

Furthermore, this theory would not have systematically

predicted any increases in latencies.
Amsel's Frustration Hypothesis does seem to bear on the present
study.

If we consider the increased variability on the levers in

Component I, where reinforcement was never disrupted, Amsel's proposal
could explain the phenomenon.

As mentioned earlier, some emotionality

was observed, i.e., biting the lever that was associated with the
decreasing probability of reinforcement.

The fact that there was some

generalization to other components (Group I) and to other levers (Group
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II) it seems reasonable to view this behavior as having properties
resembling "frustration".
However, this only suggests that further research must be con
ducted to isolate some of the confounding variables in the present
study, so as to determine the effects of stimulus change on emotionality.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

REFERENCES

Amsel, Abram. The role of frustrative non reward in noncontinuous reward
situations. Psychological Bulletin, 1961, 55, (2), 102-119.
Antonitis, J. J. Response variability in the white rat during condi
tioning, extinction, and reconditioning. Journal of Experimental
Psychology, 1951, 4 2 , 273-281.
Block, A. H. and Notterman, J. M. Response differentiation during simple
discrimination. Journal of the Experimental Analysis of Behavior,
1959, _2, 266.
Bullock, D. H. The inter-relationship of operant level, extinction
ratio and reserve. Journal of Experimental Psychology, 1950,
40, 802-804.
Burke, R. E. Operant response amplitude, duration and form during
acquisition, extinction and discrimination learning. Unpublished
doctoral dissertation, University of Wisconsin, 1963.
Bregman, Martin and Berryman, Robert. Response magnitude changes in
extinction. Presented at A.P.A., New York, September, 1956.
Cumming, W. W. and Schoenfeld, W. N. Behavior stability under extended
exposure to a time-correlated reinforcement contingency. Journal
of the Experimental Analysis of Behavior, 1960, 3^, 71-80.
Duncan, Michael 0. Response duration in acquisition, discriminated
avoidance, and extinction. Unpublished thesis, Western Michigan
University, 1974.
Eckerman, D. A. and Lanson, R. N. Variability of response location
for pigeons responding under continuous reinforcement, inter
mittent reinforcement and extinction. Journal of the Experi
mental Analysis of Behavior, 1969, 12, 73-80.
Fleshier, M. and Hoffman, H. E. A progression for generating variableinterval schedules. Journal of the Experimental Analysis of
Behavior, 1962, 5_, 529-530.
Goldberg, I. A. Relations of response variability in conditioning
and extinction. Unpublished doctoral dissertation, Columbia
University, 1959.
Hargreaves, W. A. et al. Collection of temporal data with duration
tabulator. Journal of the Experimental Analysis of Behavior,
1959, 2, 179-183.

49

Reproduced with permission o f the copyright owner. Further reproduction prohibited without permission.

50

Hurwitz, H. M. B. Response duration of lever pressing in the rat.
Journal of Experimental Psychology, 1954,
62-71.
Herrick, R. M. Severe displacement during CRF and during a discrim
ination. Journal of Comparative and Physiological Psychology,
1963, 56, 700-707.
Herrick, R. M. The successive differentiation of a lever displacement
response. Journal of the Experimental Analysis of Behavior,
1964,
211-215.
Herrick, R. M. and Bromberger, R. A. Lever displacement under a fixedratio schedule and subsequent extinction. Journal of Comparative
and Physiological Psychology, 1965, 59, 263-270.
Herrick, R. M. and Bromberger, R. A. Lever displacement under a
variable-ratio schedule and subsequent extinction. Journal of
Comparative and Physiological Psychology, 1965, 59, 392-398.
Herrnstein, R. J. Stereotypy and intermittent reinforcement. Science,
1961, 133, 2067-2069.
Keller, F. S. and Schoenfeld, W. N. Principles of Psychology, New York,
New York: Appleton-Century-Crofts, Inc., 1950.
Margulies, S. Response duration in operant level, regular rein
forcement, and extinction. Journal of the Experimental Analysis
of Behavior, 1961,
317-321.
Margulies, S. Response duration in regular reinforcement, extinction,
and discrimination learning. Unpublished doctoral dissertation,
Columbia University, 1960.
Millenson, J. R. and Hurwitz, H. M. Some temporal and sequential
properties of behavior during conditioning and extinction.
Journal of the Experimental Analysis of Behavior, 1961, 4_,
97-106.
Millenson, J. R., Hurwitz, H. M., and Nixon, L. Influence of rein
forcement schedules on response duration. Journal of the
Experimental Analysis of Behavior, 1961, 4_, 243-250.
Mintz, D. E. Response dimensions under regular reinforcement.
doctoral dissertation, Columbia University, 1961.
Mintz, D. E. Force of response during ratio reinforcement.
1962, 138, 516-517.

Unpublished

Science,

Mowrer, 0. H. Habit strength as a function of the pattern of rein
forcement. Journal of Experimental Psychology, 1945, 35, 293-311.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

51

Nevin, J. A. Differential reinforcement and stimulus control of not
responding. Journal of the Experimental Analysis of Behavior,
1969, 12, 715.
Nevin, J. A. Signal detection theory and operant behavior. Journal
of the Experimental Analysis of Behavior, 1969, 1 2 , 475.
Notterman, J. M. Force emission during bar pressing.
Experimental Psychology, 1959, 53, 341-348.

Journal of

Notterman, J. M. and Mintz, D. E. Exteroceptive cueing of response
force. Science, 1962, 135, 1070-1071.
Notterman, J. M. and Mintz, D. E. Dynamics of Response.
New York: John Wiley and Sons, Inc., 1965.

New York,

Notterman, J. M. and Block, A. H. Note on response differentiation
during a simple discrimination. Journal of the Experimental
Analysis of Behavior, 1960, 4_, 289-291.
Perin, C. T. Behavior potentiality as a joint function of the amount
of training and degree of hunger at the time of extinction.
Journal of Experimental Psychology, 1942, 30, 93-113.
Rilling, M. et al. Extinction-induced aggression during errorless
discriminative learning. Journal of the Experimental Analysis
of Behavior, 1973, 20, 85.
Schaefer, H. H. and Steinhorst, R. A. The effect of changing the
schedule of reinforcement upon duration of responding. Journal
of the Experimental Analysis of Behavior, 1959, 2^, 335-341.
Schoenfeld, W. N., Antonitis, J. J. et al. Unconditioned response
rate of the white fat in a barpressing apparatus. Journal of
Comparative and Physiological Psychology, 1950, 43, 41-48.
Schoenfeld, W. N. On the difference in resistance to extinction fol
lowing regular and periodic reinforcement. Journal of the
Experimental Analysis of Behavior, 1968, 1 1 , 259-261.
Skinner, B. F.
New York:

The Behavior of Organisms: An Experimental Analysis.
Appleton-Century-Crofts, 1938.

Skinner, B. F. Schedules of Reinforcement.
Century-Crofts, 1957.

New York:

Appleton-

Stebbins, W. C. and Lanson, R. N. Response latency as a function
of reinforcement schedule. Journal of the Experimental Analysis
of Behavior, 1962, _5, 299-304.
Terrace, H. S. Extinction of a discriminative operant following
discrimination learning with and without errors. Journal of
the Experimental Analysis of Behavior, 1969, 12, 571.

Reproduced with permission o f the copyright owner. Further reproduction prohibited without permission.

52

Trotter, J. R. The physical properties of bar pressing behavior
and the problem of reactive inhibition. Journal of Experimental
Psychology, 1956, _8, 97-106.
Trotter, J. R. The timing of bar pressing behavior.
Experimental Psychology, 1957, £, 78-87.

Journal of

Whyte, A. et al. Variability of response location of fixed ratio and
fixed interval schedules. Paper presented at the Eastern Psycho
logical Association, New York, April, 1975.
Williams, S. B. Resistance to extinction as a function of number of
reinforcements. Journal of Experimental Psychology, 1956, 23
506-522.
Wilson, M. P. Periodic reinforcement interval and number of periodic
reinforcements as parameters of response strength. Journal of
Comparative and Physiological Psychology, 1954, 4 7 , 51-56.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

